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f54) gag maa ^yasr msa .^ a ~i ?g mm 



£1^ 

NVRAM 1 ^2. DRAM 1 SRAM ^ ffllSEf .di73-7t XfSatF. NVRAM 1 ? 

5, DRAH i SRAM;^^iS .ggik^JS^ ssso. i?i:7hJa«aa. stw-sj j'is 

Sflfl NVRW, ORAM S/SES SRAM 011251 ^3Eg *tl§l^ WlSai ii3t.> NVRAH i! 

ass 

sets as 

E 1= Sai?l ■Sl# TllOlg NVRAM 1 

E 2a LH:^I 2c& B. &':SOB [ttS. NVRAM ;^ S!# 3HHIIAIB DRAM ?5 S TFT SRAH ^ 5 

aes! wss£ iwsi; itg£., 

S fi;^*S01l:i&aA| •gSSF tSW ?ilOje a 31.01.7101^^011 SfStM:^^^^^^^ St»«fe "HVRAM .a 

S 3b= E 3aDil EAlS); ilfftl^ ^S01|: CHg&>= #EH°J :NVRAM M '-^SM .S^tH.E!SES/<i , 017.IAI H 
MZieHSS SiOlJliGlgOllAI #MW TO^ ^t'' 

Ev4iife S ©sdfli^njgsiai ^5^lo«sw ss^ 

. ■ sras.. -■ : • ■ ■■. • ;. . ■ •• . . • • ■ : . -; ; •■ .. v^-.-v:.;- .:: . - ^^:•vc•.^■:; . • • ; ••: ; ■ ■ i; 

E 4b^ E 4a01l EA1#^^?§* 52011 qi;go>= lMffl-124;iif EH^^'gt:^^ 
.:g«lt EA|§^^- SSE. r ^ ■ , 

E 7a iH^ 7c^ E W 6«)li JHSf^^^^ EAIS 1HiEa:S#V^E^^^ 

E OaCHXi 8cc E;6a UjXj.eddll E/3a^^M^^ aSl WBE,r ■ : : K^'-^lf:- ;.. . > 

E93 ¥si)^|::EHt^^2S^;.flS;. 

20, 94: i4r>r ^. 64. EEiier 
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24: 715 26. 28. 98, 100: Egfljy ges 

30. 32: :?flOrM ^S. 46. 46: 10 1, 2 g^SFe 

34: §S# 44: SS# 

38. 40, 42. 76,78. 110: ^E\S. ^S*^^ 

50, 82, 112r Till 2 SSs 52, 84. 114: HIO^ 

54: Men m\M 60: XilOl JilOlM 

102: PllOm 104: TflOlM 

106: 0}0l#ei|0l^4 108: 1 

122: SfS Sa-S 124: TFT SJ021 

sast 

B ^S#, agS IH12EI gtHl AfSS}?! i!T?t.HHiaa ^i^Oll fiCF ^^AIlolTfl-^ m 

UtSl :3.|S^HHI tl|:?lW« 2!^ «lJyi^ DllfiEl (Non-Volatile RAM; NVRAM), §5? 
dilSei(Dynajiiic RAM; DRSM) §?{ gH@. aj/^l>i^H12a (Static RAM;mM) IJlia£| =?2.m 3EtrS>^ 

IHiea ^S#- SlsmO. B ^"§= ffieLt 6!at> NVRAM: ;?iM. StmD. ffit!-. S ^'SS ,7i?E!- 
4KH1 NVRAh.. ORAM- S/ife SRAM 5?2E# St}«j-fe DttSEI ^S.m^^tm SS. S dflt^. 

NVRAM^^^i?^M::«^5^^^^^^ ' 

aiO|^' :'l^^^^:§^^^^ rediJriiiney;technol09y)s Jl^E DliSEI ^^eg tf 

sua 36II5E|'£ ±Xfe gSl SSiQi 32 dlgOl SfOl 'SQ, .oiatj- ggon [&S ^XtLHWAf W45^^ <i 
2ic Sa :tSa<f:use bl<?* gsa gge AI^^Q| &QI :i 

meei tis^KOM -MstBswi [&a> ms bram je^ srwof ws o^s miaEiLHon a^i^Es 

Pteth SSaSHCHM a& ssiAH-f: DOaBKBectrfcal IV ErftSable PROM: EEPROM)SJ. M^m ^S'i" §a7F 
SiEh. dlElt^ ii:7(l-?4 '^011:^ ^OliE ?>EMrt .^Oi-M j^fEMiAl, BAMS 4:3HH*I 

IBa<-scc<itch patOS^gSm. ROMS SSHS&TilStl-a Sg aifllM ^aSHM. EERROMS AHgW 

cflQiag ^s^toi. PHiKsaMSas iMsam;B§«i=3 a^^(»TC:.rypti^p^^ smzisi- 4^^^Q. 

iiOm me|- g-^HM(Johh aar-limt JlM Sft^-^ifert^^te EOH-. .Noveniljei' 23. 1995. pp. 34-42- 

M 3 a*i 5HA1 IHgS & 

swaoiSAi 371^ 737foj ^is 0H# oias gOICf, 

t[^^tAl s ^►s.sj Djeat a oiatr g^soii sjoii ^.^^i 

S S! pHSttaW .St= 31010. 

g ggxiss s?Ai EEPROM:^ a^ Bi9iw« Diieas wm 4 staa oh^ tiFifsim 

3101 oH^.QigD^ aa BBW^^^ ^01** ;[Hiaa ^# stitrm sEHSj mas sss 

Olfei-Si (HiaSl.m^^ 970. SS. ^7^521 -dfifj 

. aisi a xBe#§rai.trtiF. oiEiej sws, aishji: sriii istaaa yiino. El^s gf«s s 
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sj^'as mm laEiatra sstra. dram a sram asi jHiniAia^ PimHoo ^oi£ s^u 
^ M 2 Eaei se*^ SI 2 ga^'a^ mm iBEiysra «st^a. ^^»di ieaya si 2 ga 
^as#°j bi^s ss^oii g*rsQ. 731 3 ea^a^goi nHEias si 2 Ma^a5# ^011 s«s 
Q. NmM sioi 71101^^ ii\ 2 Ma^aes^ nBays ^mqh IHgo^^ ^21 si 3 mau 
E\sm im'dtya ^stia. dram asj sxis ^^^v Man^EicTFT) sram «2i gais si 2- ^a 
fe'ae #21 MEiya ^goa msse ss# si 3 ea^as mm uHEiasrssw s«aQ. 

□^OL g ^^S2i H^es!t^:^:^M shSM t&a^, g sson ctjaAi saa s^£al miea 

s ^'sg^AiBF^ ai; Pj^S" bFe^it.^ ^Aioag. oaAmi7i ^\tm b m's^ um^m 

M B ^^B €hgf& SEHS aS^^^ SltJ. S SSB Sgsjog SI^^SS01:7| SQ^ OflAjs? 

OI7t [IHSQICK 

SE IS €EH2J ^'^ TflOie NVRAM^ =?^m £A1*JQ. S IW £Aia 7IS(4)0il WSS S 

^{\) ^ HE||°J S^(2)g ^dim. ±^ S :Sei!2] S^2|: SAia ^¥0i|.^ Mgflfl 

OI€l AEilOI>3CshatJ low trench 

TflOIMCstackedgate) 7^(10>^ rt^.S^XIVa sae! 2^.(2)^^ Sfe :7ISr(4)2J S 

M^Sll. 7ildlM{12) ORH ?IS(4)ei lES.lh MMH TilOIB AFQIOHI DH^:iFS13S( 16)01 SaSlQ. 
?flO|E(i:4) AWIHI »3mfi5:ttD ±mY^M:in^^^^ -fcWHl Sffl»(t4iifeshol:d) 

tragCoxide inaterlal)S STM ^ 2il3. UH.'-^tJ- ^SmS Qid^thMCsi I icon 

dioxlde)Oia. 

£ ItHI -£A|^ #^^21 TflOlM NVRAM/^ #gf^e? ORAM, mt\ jlgSE2J M?l!55:! 

3H'iniA|E+(trenGh. capacitor) DRAMll: 2^Ai?l£ 3101 i3H^ WdQ: DIE1*!- OiSIgS ORAM^ MSIxl ?HIH 
AlElJ?!- TllOIM ^^gStHI ^^tlOldf UllgOlEt Til QIM :Elim(HrM£ NVRAMOil CHoHAi^ :01#^ 
as #01 NVRAM^. DRAM SI SRAMg "t^JJil -S-Stl-S -Sg^ft SlSt^£ 2.01 PfetJ §^L^2) ^mS: 

3HlK,A|E1 -DRAM M S£fe TFT(Thin FH^ NVRAMSJ OiS 

ShM aOlCK. >IIQIM:?h^S&,OI*W ^HiA|E12h7ro^^ ^HpXra SIXI S2J Aj.'^ M 

a:^a-E« TFT ^AF2J gXiM NVRA^a MQ\ >1101JE2F SStfe 201- 7^^o|Q: tm^K £ KHl m 
. AIEI2 fe'-ttt H^2^ S"^'^^^^ ?! RAM Oia*l: .§eSEg AtgSCTpii^^li^OT Sr^Q. 

& ^^SB Qg ffliaa ^ ^^yy-u&m^ :7i®]ii- g^t^ 5iB^r nvram =^^m ^^oi-s a sioiAi m 
mib mass ^^ti-EK & g-ss es y\Bum nvram/dram s sram i ^^^i tMni ^"g^" ^ Si 
e s§# sis^HQ. o\im «se slSo^s eii aoiAi g: ^^sb *hU2j. ^is&khi s:p^*^ w 
sa St PI 71521 Aiajif sor ^tHiste sss nittd-. 

HIS g fe^soi ^oit^ mHa a .^&fe.a^^^ 7iB^m -M-^myi fi^ ^mm Mstm?^. nssrsi 
i£:7j2i- Qimi sfsg fflsffl etsAi. ^c^tstiDiotgj- .w. swisj. NVRAMHi tm assrsj 

??m(perlpheral> iTJM ^^^^ 

3^1^21 Ofl-fe S thS^ (charge-pump)): a . W/L n^S^IM ;?cdim. Oia 

n ±7^.^ t^mm?iiMt\^m s^mm.^m^ j$dib ifttsdj fi^?scK ^Ey\m,im 

nil *^ =ni.^ TJi : c CI o i-jio ^aji iiciru or<:>rH -Tk-wi 35401'. tii 1 1 lufio t=i' Dt.jji urut u art* Saw 




§1^ mKoi^i! v>c^s, :a& joiasr tr^^^^ p-fet 

E 2x^^ 31 2c=.# SSOfl l&EW --NVRAM, . SRAMf^^^^^^^ ifcTlSj 

::7ilt3ii-faia#'£SitHE: ssHq. ^oim -eyas 

24-3; ■' ' y-- 
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4:^1: ae?(a), Eai2i 225(22) a TADIM ^5(32) 9100^ ^Sg^^Cstud 
interconnect lon)(38, 40. 42)5t «S§ 4^ 2iQ. S-MAl tim mO\. ^EiE. 

^ItJ Sasi MaEl aLH2| Afoi^h 91X108 SlCf. iElH QSt-f £S« 

S em ^ aa. OJP Wa. g^ieXtunsten). a^OrHtalumlnum), ElEfsft Itanium) g 
EM-Xtantailum) g-g JOiem A^g6^0l :i:E1E ^SS^^M ^S^' 4? .SiO-. 

E 2n(Hi £Aia ^AioaoiiAi. i^EiE ^s:g^^2f Tfloie ^i^^ sa.sC44)Es mimoi «i 1 

AtgW 4= 21= XHSS= CVD(Ch8torcal Vepoi' OeiJOSitidh; CVQ) i+S|-§0| S&aO-. 

SSa 3(44)21: OHJEt ilsBE ^s:S^l?(38, 40, 42) 1 EB^SJ 

3^S^§(metalMzation)OI gSTSQ. NWAM^ m. 1 £11^21 LHOfl ±:^Zi b|E efSJ a 

EIH g.*fS Sf^DlH ^BI(copper):3F StlSEIK 

tH2^, 391 1 iEta ^SS^¥(38,. 40, 42) S «l 1 EH^Sl S«^tFs(46, 48) ^|1HI Bl 2 S 

asoj a 2a(Hi aAii! tim soi »i 2 °5!#(50) im mmm^2)7y ssScf. 

CTo gei^Eisas sjsoig 42ia. ga^as^ ej Xi#(fn-8itu) asi ^ 210. 

s sfsofl [&3s> mSH: ?iioie qi^ei sss-w. fes §,t.^6^4^M assHa. -oia a 

oj sss :ji§7fl efa= s^xhoiiTH sioiAi » #ai>a &q. hiss ^ws ss gsre m 

ASM tf$S«i QHS ^aSSS SsFAl?!^ 31S ISS JBOIfeSJi^H aS i3€ TiSTII -s!- 

E= □ G|.Sa= g^sa.4ffl(H|.:Mtis!E|. OiSIt!- Wgg laSSy 7^ 12g- i&aa(F(iraorie)Ofl 2|cF0j ClI 
trS^ a 4.757.350 2s BSEi sgjoA JHAJtlQt, H MAI LHg= S SAOAiOflAi MiS 

Ai ejsabF-. sfXrer. mss 7aorM^27h^§7ii axi s# 4=^ siO. -s^^sm c&etAi m 

mSD 7ll01S(54)2i 73101 ^^^^^ SBOl. 

Ti^w Eia, fliw ?iioim:?h .sSii 7flQiM(54)2j ^^^Dfl.^tt 2471 aiisofl m-ss- 5^ 

mOlM (60)21 iSa CIHI-Ai 71^)11 

Tunnel ing;reT) We-s aiSah01Ei^a <^^^ 71^^^ 4= 2ia. MOIg S!:HA| 71 

7i:§0i2 Ma^eiS <5+tHOI Ejyg ijaSS. ApgEI.^.;© II^HI :^'AI011,1». l&eS,- .gfe»fl|g g^^^ 

sioKs gsS Tiiomsiir is se!« gis^^ 4^^ 2ii:>; ' .2t^bii7i: tf4'^Eia asr aaiMilsi =s 

?aOl BhEAl §Rt^ ^^^^^^^ ' - 

S SSOfl [[Fss NVRAM S!2|. i?. ^AIOIIS) SSIiaS dls# ;S4^^2.«- 4^eM OEFAi 4=^30... Qtai; 

2iO. 

mm gLH2j 101 Tiioie^ tinr^isCTs ass ga^isoio. s*ta-^. SEieasM iHEtysHJi 

NVRAMOfl CHtJ- HIO) ?1iOlM# «S5FSS thO. 

£ 2fe B ^-SOil 5ig 3H18AiE1 DRAM?J ^AlOll.M aAltkQ. E 2aD11 SAIS NVRAM ^EL9i 

7ms.. ORAM^iS dbi(62), EEIia(64) S MSia OH)(^?«0|>i!(isor^^^^^ 3t*i*^EK 
g ^'SWl njsfe ORAME 7iatf NVRAM; M 4iSlf □i:&7|-7aS TIlOlM ^5(68) S iElE ^i^SS^ 
^(76, 78)M S*^:^^ 4= 2iD. oCTa, S :2bM EA|:=! i#A|:Oa<HIAi W 4= ^^^^ e^ ^-SflUjfU 

SS OiWM :^LH2| iSEiE ^aS^^S iris.; (62) S; £Elli^^S^(54) ^IWa USEIS -?I101M, 

;?5'(68) 9j(Hi= ssaAi at=Q. 

i^Eia ^^^^^^7h jgi 1 aisiei; s^i^MDi; 'issiiii-/. *raa^^ M 2dDii eais nvrameu; ^ 

MisnuM ifc&aF aaiaoi: aiasiJ^a.; s .^vaAist«RAM2i ^^AipflMAife a i;.Bia2j g^tnoi 
Eaia(8G)08& aaaoF. ^ ct^oi;: e-::esoivni-s£mM2|.aJ^ 

9|S .a^aB i6!aAKJlE2F:fea^EIS(s!:l iciided 

Slf 'B^^SIOl: a£h^?^ , .WjV 

2b0ii aAis; i ArijiiMiXi iti- 4=^2^fc ai-ai' #di:- ti^ ^ 

J NVIWM?:^2KS&0L Ul 0IX84)7K ORAM^^^ 

- 3il6|M ::?i3E(30)Mi3H^F= filSi ORAI^^SM^MlHiOfeiiJsi^ 



.e a^sfiii msa, BiOK84)m, hioi^ ziaBTeiofS §a>!^s -si '^ ^^^(Ba)?^^:: 134^01 dram 
am CHt» 3H1BAIE1 as iaB(nedfr pi 

xioi. «a^ass a ai^ ss^ * -sid. aia Ma-^am#:wRAiei^^ a 
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m a Mmm ^ as^i ra^on oiatr ^50fl 7vs u[^^*} mmo\o. 

NVRAM ^ :?iOil CHSKfl S-AI 7|gt^ Ul-£h ^01, ORAM JHIHAIH icEBc SQ. inH 

5 ?HieAIE1 ia^^OB SSsOl gsfEIOi SSI' 4= SiQ. DRAMB] gT^BS, DRAMEI JHiBAIEI 
irHSs §ai* fll 2 SS#(82)2J 23S of° ^g2J 6^^011 ^gSCK JHHAlEi £E= 

Ara= 2101 uufsism. 

S-AI H^2I• irOL S-AI -aStl- UVRAM 5!/a^ iJRAM .^iU- MSa iWS SRAM m =^^m ^ 

«5t^ 01 a oig^f. of^^^ a o^gofl t&5^ SRAJq ^AlOlie S 2dHl S.A|i!Q. E 

9J-ai a (one-half latch). TFT itW S e-D^Cful l-down) NFET# EAItfQ. UE &-ii\n= 
S ej-CH^2|- m^'g- 210ID. I&EFAI, E 2e0il= SAlEITvl S^2iC^. fm, E 7b S 8b^ back- 
to-back) SRAM EHXI2I EAISItB,. ^ 7H°j S^(transfer) TIIOlMfe EAlEIAj sl-^-eJ 
SRAM EH«^ ^ 7H2I g-8Upul l-up) NFET TFT S ^ 7H2J M^:^S(tvro pol l-down) NFETg St^Q. . 

E 2cOil EAia a?AM i^AI 71^^ NVRAM S! ORAM ;?i2h SOr 33(94) S EeHSJ 3^3 (96) 

# stitriiK iii:(94) a. Eaa(9e) s-esoii assiot as^ gzoa-oKitgaioja sesog. ioo)oi 

S-AI NVRAM: S DRAMOilAjJJ^ , .SRAMS .Htl,'-5!S}?II nom ^2.{m) OiOmmi^ ^S,(imm ^HIS^ 
t >IIOIM(102)« S*}t!0.. 0! ,3^011 E. . NVWW .2 ORAM qiaSf DFgl-^+TaS. §S#(IO?)0tl 
01 jilOlM 7iSlh^Eil',^ -^SS i+asS ©t'CHi! ^ SIQ. gS^S Hh&mra 

= ^eiStli+Skmfsi licon aidxlde)O.IP:. 

E a:6|| EAIS SRAM:^2= »G|e(i;02)(HI;-SiS iiEJE ^2^^^ S«»tfCh, SRAM qi^S E 

t^ iii, eaa. ofOi^aioia" s^'(94, se. ss; iop)t ;ibjsk^ tJissi &^tn m i •sa#(io8)g 2,^ 

2f ^?Ult!tFi la 1 m(}^E^MS12:S^7flOlt;(102) 9IM 2ia. aWM:^52| ^EiE 

^ 2av-2 ;2a6il EAIS NVRAM :S^DRm^^^^^ i eO^Sl S^5|- 

#tHOii uioKi 14)71 niBsar s sson [cefe .sram ??aoii aiv hioh:h. hiof?i mm 
m?im U ,2;sS# Ea:*: s^^P^l TR ;Hi0is?i ^rxiti-Gg tr iJiioiE^. p^g se( load), m^m^ 

Els ejlQtSGh. SE MS!7;|;aE1=: #[3S NFETahVtl-By .S!tHEt(inverter)M^S9k7l gfiehQ. 
e> JBS|- &3*KSRAi«WI ai«H.. # *|.«JAiS ^ 3H2| .^bHEl?!: gaSh 

Ck. TIIEItk^Sej' THSJEc E 7b01l EAIS 

NVRAM S DRAMM CHSKDl S^Wl ^lAtf tl|-2k g-dl, .TFT:>«0|MS| . IS ( 71^711 mm(^M ^ 2iD. 

DRAM3K NVRAM:.^2J inEE^'S! SSII ?JO|e°J SS;^ 7{mn °lB^ m Oim=! ggOl: SRAM 
§J TFT >l|0|M 7)^§71l,:aEfe. Cf^^B 4:-2iE£i IFT TjlQIMei Sa(120)°| ^^j^^0il 

tfg S2S(122.)0I as ^S- 4= SiSW; 3 TR 9\tiM 4= 2iU. TFT gS|l(1'^6)S 

E a;Oil EAIHEK TFT gill 2J vX|)e7F: TFT MOjSSI 71.^012' 53 #l«fl *Dt7i: [Ii.g(HI .if^ ^S#<122) 
(HI 21 S# TFT Sai 21 SS-( 1 24)g ?{mn S 4= SiD . 

£ 7b 2 7cftfl. EAI& SRAM;/^Oil CHtt ^AIOO^ ^ jH°l. S-S (pull-up) TR S-S PFET ±XF * ? 
NFET iTjS # )H21. 

E 3i= MQ aa^^g =yr^ SSg iW^^^ EAIsMIF. SasjOl 

srtiraa itrtfoi :tf4'^Eiii,«§Ei fe^s sa; aiiMAi >Ahgi^ 4^ 2i?ii sq. jhsichs aioi ?iidiMoiiAi 
m^m mm^y as 3 '2iss:5?ai 4= °xn eieh. s^ai 7rst> hkf ^ou #sg taois si sioi 
7II0IM2J sa^ 7i#?ii i 2JCK 

E aaOil EAIS- NVRAM qiSOil ^51 ^AlOil^ ?IIOlt2F jllOl ?llO|EAkQ|2| SSs £E^ Elfi 

ira«# SsitJQ. ^1:71 #A|0«= 80A2|.,E1&:i!+SHS, 5t}«H3-. 

E 3b^ E 3aOfl EAIS .^"^Si: ^:AIOaOir^ EAItfllK 

E 4a5 MSl 7II0IM7F □ CHtJ^IWIft EAI 

t*Q. tm& mMm mmm^^^> # :^g(Hi' nv^^^^ ti^tii eitiu 

mssi s-^ sag ?n 4=; sav msd Jiioiasr s^i am 5h§4^ ta sesi 7i§7is 01 
=tHa assoi 7tesi-7irsp. swH^>iSrAi :7iMK:,uiap?so^^^^ nom a emm ?«oim 

S;4eWi|^A|&;tHyp ' . 

■ iWii ^71 fi%K itJHsf %oi / Musis'- :Sd€K:"e}:Sm mSeI' :DRAM sf :awHi =?AmM^ 

5^ e .^^SOfl. [ft^^- 5S0II. SiOIAI Q?,^^^ 

Ai iPROM; ^ , TR-SiiAttiM iB' Sj ?H fflMEi E 8a MM 8c= . E 7a LH Xl -7c0il 

^Aia ; ;is2iriSa.sg .?rz!ilp*fea^^ eais msbi »ej mms.m 

2f?fEA|*>CK. .:. : ; ' -■, j' \ _ . 

MS' gaiiiMsttasw^b ErAn Lnvq: bm eai 

a :;a.fe^,fliiaHi'^^S:^'z|ir^ 
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Mas moi^aioifl s jhoim ^2.m mKn g^tj- ssm oi§w sia. dram s nvram 
:l^3^;^2^ vtg ^^jtm:?! 9isBAd= ^ssi ois implantation) □t:iu fl^aa. 

l(n-well), p-^(p-well)31- g-^ 1 °!M&M(iiiiplant) 2^1 2E*>§I^ e^Eai 7ie(101)m EAltlQ. 

[tF£FAI SiQ. gS^ OmigHlOld SS^(202)^ gfe^Sjoj 

71521 LiCH« sss jiioiE iraM#(206)ss s«§ 2ia. mm t*^mm sspfpi ^iskb.af 

§^ 4= 21^ Oil^ gif£|-M(therm1 oxide).. CVD i*tm SL= CVD §iHS 3Et!t>a. ?IIQIM 

irtFtS CHe* Bnn LHTa l^hna ^OTl ?f^tK 

Ol^qiJW ^gS ^^2J 9|(Hj M&1^E|=2U Xfl 1 S(204)0| S*r.g 4= SiD. ia^EISS CVTO SJSFOI 
4? SiCK «l 1 gEI^EI^ #91011 gfg ^tH#(205yOI ^*ri 4^ SiO. ItHSS CVOM °\ 
§HS t!«W ^ Sia. §5FsSOI ^ej S. 5aSi: qi2£F m i! SJOIQ. 

£ aOflAI, ga^E|=#(204)^'^^0ll S&M«:(205) ^i^iM a iiH XBe(a33)7F Jffl-TiaD. 

IHE M^i^ OlS OAS (react i ve ion etch) SSOfl SlotOI OI^OiaQ, OlOt AI. EHE U 

MS a^WAaS Alg^ ^ 2i«Di; OlOiM 4^ SiQ. IHE XBMS AFSi! 

4^ 21^ MS WIS §! ^i! -Hlg(*et cleaning) tt-?ir§ StltlGK. 

4'Eie 715°) bigs S^Dfl OH? SfS SS#<206)0| 4^ SiCf. ^SIx-IIS g<bhthgSS fll^Qi 

m 4: SlU ifcSS 4'-CHI SS-AISSS-W 4= SiO. S2sS Et^H i+si-M(tunnel ing oxide)OifiF 

.S|]'jE.mDl ,tH^'= 3nin tHTJI BhinSJ :^J)ilM 7l-§ 4; SltlK- G| dh-o ofs £ aOilAI if^ £!(H[ °im01 

E-iSa)il : i^AIS; .UiaF^^ 2.^Sliia5 lv<20?)0|. S: 5b<Hi JtAlS' Sll ^^2:^ ^^^^ ^ 2ip. 

£ SdOil EAI& bjaf 5MaitnS^ID(i*iotolithography) .a:XIi5;^ M^^^^ .M 1 mEt^EIS^r 
Oil 21^ 731 2 #E|^£ieHJ^St XilTiSPI miOl Afgl 4= 2iD. DI01AI, SSEIiillEffil aiTa 
iSM EHSOI XiTJl 4= Sit!'. 

NVRAM; SiyW DRWi ±A|:Sf TflOjMS fcife^Stoj ojg u^gog 4. o^qi;. &w >ijiilDlA| (2;I0)= 

og ggp, o|-|i ^^goj gwa (Hl^(blani<et it^WOO 2|«B Sieil 4^ 2iEF. OI^?ll ShsfflS 

E 'BeOi) SAI=!D< 

OIGHAI, * 1 S33Nia(2t.r) a, AEm ^SS^^(212)7K#&''?l,e!.SS01l tCe^ S^AI 71s 

«t dF2f ^01. DRAM JlCHSi^iejE 4^SS^¥7F 2^ iJ:>: S Ea^SS^El SSH^ at^OII NVRAM^ 
LH24 iElE ^SSW¥S i>i. EEiiS! S TOIMS^EI SSSICF.' E Bfs JiB 1 SSJiia S iiEiE 
fe*-Sg^^7| dl*2| 

0101 Al> HI 1 :S^tFM(213)01 W 1 SSe S ii:E15 ^-^sS^^ 910||" ^gl 4= ?XQ. 
S 2^7321 *&KS}S! S^gOi) t&EFAl 4^ 2iCK ^^ti-s S 3511 ;?i2J 93E7F E 5gl}|l EAIl! 

Ei'. E SgOfl EAli! HF£|- SOL a §SW1 NVRAM. q^ZES 4m tiSl! Ef2! (22e) 

H blM .SFe!(a3)# ^U|S>= g^tj-Ms StfthCh t^ffi., E 5g0|| EA|£! DRAM 4^1 Iftf^S 

•gga UIM EF3(215).i S*t>Q. Eth. DRAMS iS^Eie fllQIMS 2I-M0I.2 4=2! i}*f2| $|,E 
EI-ei(216)S StftfW. 

M ] iim m^mmQt n-. ^ 2 s5!#(2i?)oi: M. 1 ais s^sf s 71521 ason s!*fi ^ 21 

Ch OlOlAi HIdMQI Till 2 SaeLHOHl ^SSQ. BI0H2I. 9|*fe ^gtlS OilSEI ^ qi521 °^0I1 

am ^^stscK. oiiM ms,. :nvram/^.2i ^50flAi. uiofm^ 3IIQIM ^isu- aia ^^eie a-ss^^ $1 

oil «g&a. Ora?! £ 5h2| S!^ .^MW EAiliO:. £ BhOil.EAIS! tiF2|-.©OI, tl|Ot= HI 2 S. 

a»2j :si a 2: ii:EiE ^^h:^^.^ 3*121 ^sijfw ss^ 4^ 210. 

thffi, # WS21 s§oi dram w a^.sRAM i ??2=i::^Sof7i: ^isra flrmDoa, uiohs s 

aiei 2^011 SIS: *EIE ^2:S:^^21 §10fl "^MB^ 5101 HflT^SiD; OJSttk 2101 £ .5h21 

S! -.ggf^Oi| :s!-z^;£Ali!a^^^ 9|.0aA12F: DF&7h73s; :tllOf=,-feEil«! S^tJfl- 3^ SiSS^!?! 5 

V;.'*i?i.r?i:;2::S3#2i'.a^ . 

££s5h6||C £A^ ;^i:EIS:^fiS*Or :ffll ;J .S; .W;2 SSAs *SI01 TlvSLIiSl 

■ ^ ^?Ui:0FS6%gEj3 . £ BhOfl EAIS bF2f ^1 sgOl Urote: LHOB .S'*ra^ 3101 UHrS!5.fQ. . 

Qlfil AiijisilDRiyfe :'s^^ .e?iiM -s*}tjch mis , 

: E|;::S2i::^?t^5!3 :^^M^^•gS^S^^®^^ ifeUE S-sS^^/' Et^^ 

iiioKs' ^- r^iEifi 4»^sa%¥i :^Ei 2 as* .^^^ tss.sm^^m2.^M nmm. uf : 

?^A|(HIOil? [[FMS; ;0I XilSfe ;gEigSl!lplH..-:Q|E1®> ^m/Dl^m- HI. 3 MEI; 

.SOI NVR«l;^t ?«^^7J ;9|StQl OliSlS^^ S^s S.E^ laaS 
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D. IBS(218, 219) S 3 MOm NVRAK §S§ TflOIS SSiM ^S^" 4= SIQ. 

oiai- E'Ei, e^^'= & .^^s°j ^Aioa?h «i 2 isra ii:Ei= ^^ss^^m stisis. ^^i 

S^OilAI 71 tim iEtt ORAM ^«o^^ HI B WS^ 01 4= SIQ- 5ISf, S§0| ORAM 

«g5i-= 01 oigaaa. naEHasi-oi ^2(22Dm gmss-w mm a= itEiE ^►sg^ 
¥£i s ^4011 nan «i 2 xag .wai* sam dram ^21 waiAiEi se= 

Qj«t g ^►goi siyj( ^^StUl ^ISfOI 0ISS3, UlOh its i^ElE 4aS:g^i;l= NVRAHH mKA 
OilAI 7iatf bF2F gOI WOIMWI SIS iE1S/&Sg<^¥.?|2| 31? SSSM&SSSD. Hj.0^2J 4 
*l2f ?|S|. as ibEiH ^a*^¥Sl ^9|2^ 9|S| IIIEiaS JlSCZgl, 22Z)£ SRAM ^2J tt^e^ Ea!:K|i 

m. 7iidiM(223)% sin wois: wgc22i), ±bb ^±u^^m ejsra ?iioi#(?24)0ff aaa jiiioi 

S(222)S S>¥ NFET ±»Sga OW^ PFET "CHtJ TflQIMOlCh 

TSIK7^ HaaaS> XltSSl It^S S§(rougheningprocess)m Sl^Oipta tlCI-. OlElt!- 

7ii!!7i flife -sroiiAi ^igstecf. 

nfiM ammmut sHEiya ihssi agg ^ Tife'oia as^on ^ss ^^sfoi g^r 

aa. oisitj- S2# Xiss Eiy: sfgtich s. sa s 4ai)fl Mais ^ aiwis^ei ^ 4: »fe hk 

iHEHiiEin Ti^oiS isfei^oii CM XBesoi 'iHEjya xBg^pii gsri! 

LFe«s, s Bkoii sAia ^^2^-^l si 3 mei^ei^ wi ttEiasp. fli <3fmei^ei52j 7is# xo^ 

S S Dfl SHI 1 ei: S*! (HI CteFAl gEf so. °m MOI NVRAM #01 Sv ; NVRAM i! 2| M 01 711 01 

^^^^►'Xa'ldlQldt EfQF. iOI SRAM ^ ^1^013; DRA^e) S;^ ^SWIOll Sjtft!- 

010101: tjCK -^Sl MOj DRAM l! C?2013 , S5!ffi-&ail i!=ra SRAMEJ TFT Sits ^S5>?ID1t ^ 

msdioidi: tia. iiEiya nie^ §fit> ?i^on tE^E^A^ □ di^i^si ggs w 4= sitt. 

E 5k= 4'-^ M^Sf E|aXl>:E1 4:»°l rfcisysaiS! ^^011 ^SS P+ S^S WSSV^l 9ISIi0i S?AM 
^LHOiAj lBEia S Ol&^a 5S0I. 4?t!l! SAIStP-.- 

mmM -st 4= ;2i£ HBiF ifof. smfl Ei^ dth#2i::*SGi.3iS?ii Ei^ ia^ioii *ois wfi 
iHiaEi ^ ^^7y aisaa. oaaa « •?^oi cjs urssie! ssa^^tpi 9isFdi ^ai^e ssoi 

soil S-A+ :7i#s .^^^oit^ 

M^g TIIQIM^S DRAMiSj ._ _. _ _ . . ,_ _ _ 

TFT2I TfiOIS S! SlHB e^^"!-. SAKHI 1 -4= 2». i??hSjSSi TFTOy CHSJ ORAM.:>1I01S 

Hj 3HiiAiEis s^a^jw °aa= nvram asi a^a .ijasa 4= siQ. 

Tj^oijq gei^aa ifflSM, 39101 Tfloies-^a tss 7floip:# ssnssofs.fli SE ss ay 

m DflSFUMCf ield enhanced tunnel ing mechahlsiD)01 AhSS 4= SID. Q'^OL NVR»1;^S|. JflOl TflOlM 
^ DRAM JHIHAIEiei; gXI5(ground Plate), ^ TFT2J MSDI- '^^l (IH gAIOll ^^gg ^ 2iQ. 

NVRAM, ORAM:.£E& SRAM.SISg =^^ti7l mm. IISS,^ 3SS|.5t7r*l& IlSgr^l 2?^ iWg ^ 




SSh7l 9|olDl 3 B3112I ^^h^a S§0l a^iimK ;Cias!- 5 
Sy ^* St."" SM?HS(deeper junction lraplant)g S«f&P-i 



S NVftAM ^ ^.2E2f 4= 2^= DRAM S SRAM SS#:S^ OiasJ- §! SSSt 

5! Ta^fS niESJi DRAM SRAM DflSSl Oh?l^?Hef^ PlisShE^ ]t*€f. 

S^(f use)^0 NVRAM, ^01 n^-'EOlia gggQi ^ii, B © NVRAM 7^^^^^ SRAMl Stf 

51^ MSEI ibmHtHI ^SFS. 3im 7Fs5Pll tPf MSOll Wg&^El HI' SfS .Qi 

gOI '2iD; Ol^iHI tt^ ia StOiA|,^^H ;WISEl,'g 

g ggSaFeSltr .^AIOII*!! :7.lsSfaSW^. S .SfSOl 

.#7lth' Bl^ :a-M ^dl# #EH,S4 #Sa|:i^S^i^S^ ^S-^ Si t!" 

Wi:gSd.:3ESitte;;; qieis? SSSCAiaqivSfdi. ^s^anfUlTO/ r.£^ w ^ 
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(srj s=FSf 

1. ef£ifl maa ^U^K* semiconductor oemory devrce)l)n SiCHAI, ® tll^l^'S IHg ?!?AO:i Bfl 
SaEKa NVRAM) M 722t, ® §S{ atg «{A-fl>i 01iaei(<i CRAM) S ® §S5 ?Hg SH/dlii 

OflSEKa SRAH) m Stf^KH. NVRAM, DRAM, SRAM ^ ^^£7^ ggt.^ tj^EICH Si^ 

e^EJil DI12EJ ii7\. 

S^tJ 2. Jai .1 im Si^HAi, S::?! NVRAM ^ 391 1 MSg TilOIM. J3i 2 gSD ?110|M, fll 1 M 

€11 ^flOIMSi- 7a 2 XOI^fi SSet^ ^'<£§^^(tnterconndet ion) S ^71 731 2 

s^tr 3. n I tHw 2ioi;a. fe^7i srsm ^ nfet^s ^ti. pfet sh qig ^Di^x 

TflOIMSf &^?| SE ibWM 31S^& 6^hS^¥ S ^71 t?S iWej Male 5*ii5l^ oi-SX-ll DflSEl 

». 

4. ^71 »| 3 ifOi SiCHAl, iTl^l eajjXlibB iJsWe) WEiO IHiaEl 

5. 731 2 «KH1 SiOiAl, 4^71 »0I JflGlSeh ^71 MSD JflOlMAfOIOfl gSI^EIS i+Shss 13 

S^t^ 6. ^ 2 tH)fl 'SiOIAI. ^71 % 2 t^H. ?iiO| eoj j.gp| 7|.ii?il(rbU9hened)a SfEi ffliaEI 
S^t"- 7. 731 2 t.HHI SidlAI; ^i^^l »l 1 JflOlMSF ^ai" ?^^^ iSSHg^ i!«t 

3q.B(ground•p^ate)s:.SsJ«^=^S*«^^ 
:iiE|E(stud)(M Sjeta S?& BJ^Sa 

g^tr 10. DRAM ^ NVRAM i :;i2E, S SittM M^2S ^SoPI ^^^^ ^71 S"^ 

® '70miHi ib» Otor#aOia S^m WSSI-^ n-wel l., p-wel I S Hfll 

SM?HM(iraplant)S^#^^Sef= ® 71521 ifctS §5?2| o|j„ j|| , o?li#g «^s>^ 

9?ll2h ® S-71 7IB4';2j\i;iaF .Eej°! Se^IU 1 fiSsM SI. 1 711 01 M n^iM SSSh 

s?flaK ® <^->\ n \ 5II0IM v?s4'^6ii 731 .i .oiQiSMoii3 sMs tissi-s-.&jasK.^© 

^Wl g^5|.m<inetan Ization)* ^ SSfe Bfll © ^71 .flivimfcOlttajqiiS 3:^^1011 731 2 0H3l^ai8l 

a S2}s ^«sf= 3?il2f/ ® -4^71 SI V. •fefsa-^^, 4^7i 7io t, piinm a 

^ 4^71 dii^ ^71-5312! S^9ltHi;BI= 2^^^^ ® S:7l. 3gi 2 ^^S^.^V 

21 4^0ii ai 2 a.a*S BTO. ® ^71 »l 2;;Ea»2l 4^^ ^ « "2 j^SsS «iSSfe 

S-3lieK ® :^7| SI 2 ^.•'^ ^S-IHI 731 3 ^.^o>fe StTSfe ORAM a ^S,. NVRAM 

S SRAM-a S':^ ^^B. 

S^tf 11. 731 .10 tiOfl SlOlAi, ^^\ % .1 SSsOl, gdi'SKthermaP oxifle), CVD ^Sh GVO ISHHI 
SlSHiJ jftOlM DRAM S NVRAM i ^3. « SRAM # ^5 WS . 

12. ,a Id SHW ;2«)|/M , -731 1 Ea#S DRAM, SRAM, E= NVRAM SSj THOlSW ^SSK 
CVD MEIi^EIS S*rO|l 5j*HII DRW* «! ^5, NVRAM SRAM ^ ®!g g-g. 

13. 731 iO «k01l 2101 Al, 6^71 Till 1 OtOl^aOl^ S^QI EVO iTSI-s. CVO TEOS a= CVD SSOll 
215^01 ^^a.= DR/W a NVRAM a ^'^ S SRAM;.! 

g^ffr 14. 731 10 *H)1I SiOIAl, ^71 731 1 S'SS^^?! CW ^iSESttung^en) aS.-CVD ESS 
ElgS! ORAKa qi^E. NVRAM M ^^.S SRAM ^-^^^^ 

15.. :^ 10 *fOlj: SiCHvJM ; ^71 731 2 ES#D1 ES.&ISSI^EfSdia. 5^^^ 
?lliHAI&121-h:Ea^(rtode Pli^^^^^^^ ^SSfe ORAM:^ NVR^H;: « ^i'^ S! SRAM # =gg g-g . 

sqitM6. HI vo^iHi s^o^A^i,^l .Ts sram^ ^Sbii 

atj^ sE Preisy ijiioi^g, ssti-BviNVR^ :dram % ^s.. 

ifffiAMa S- SRAM ■SS f^'^. . - 

«^fH7. 731 10 *fM .2(0|A|,-^7l XII 2 ^SsOl 4'o,A iXHXl lOOA^ei^^BilS DRAW a 

■ ■NVIWM,?a: S; SRAM-^^^ . . \ V:.^'^ 

^^^■flB. -^391 ;W SraiAl SflfiiiAlEi DRAM- 

• .s2i>J3ijnifi«lir?l:-^j7^E!;:^^ 

. SRAli''-^--^^'-ti!;-S::^iJi; ■'■ '\ ■ ' •V < - V. . ; ; 

20; m 10 ILHW SiOiAl, ^71 »l 2 ESgDI 7lS>l!;%MD17a= DRAM a ^^2, NViyiM g 
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nas! sstoi eisshTi OKiiftaoie^ gs^s e^ts^. 0 $71 ^^^^ s ^yoi goi 
01 sss 7I0IM e7i-^7i Tioim stois 1 sss TOoiMe s« 

^71 a \ ess Tioisa^^i 2e< a ^71 ems ssjahjioi i+&«oi s«ac^-9^. ® 

^71 ?flO|S :?501 ^*IM ;y I OHDISaOld S^^g BTSeF, ® ^71 gej, Eaoi SS? 

a ^71 7I0IM ^SM Saa ^Ei=(stud) ^2*i?i?S ® ^71 71521 kSS gs? 

2} ^71 TflOIS :?52J *|0I W 1 SSfiS S«S^^ ® ^71 i^i: 3e?2f 6^71 =^2! S^M 

9Sa ^71 ^S:2*S}i?OI SSa a 1 S^aSdwUnlzatlwi)© tiSftfS 3?l2f, ® ^71 m 

1 s*itas »IM owifiaoia se«« e7«2L © sjoie ^7i 7«oie qi^M ssa ^7i 

£ ^2<iti;l ^01 SE14ja?fi nEiy«IO| ^7| NVRAM a 2 gSS HOIMS € 

sfi^= B?a2^. ® ^71 Esa bej6!ei52i ^71 itsa ifs s*r*^= e^na^. ® 

^71 ¥101 ESS SSIdiElSS S«tS^il OEiySKH ^71 NVRAM HSi qO) 7S0IMS 

TIB Stl«F^ NVRAN iA ?2 «^ 1^8]. 

22. 39 21 «HHI SiOIAI. ^71 2 fiSS 7IO|ss] icBS sgoi 7|S7fl NVRAM S 

ntS «S 

S?l>^ 23. » 21 «.HH SIOIAI. ^71 SSOl ORAM «i » SRAM «| q^Se «S«^7I m S^M ^ 
n stss 4: Si^ NVRAM 9 q^s «s yj^. 

24. NVRAM B ORAM :?2 a SRAM q»2a 5tJ«1^ StEfll MEEl tJ«SPI 
SiOlAI. ^71 ® 7IBmOI S?1fi ««efe BPHSl-. ® ^71 7I??IHM n-l(n- 

weii), p-a(p-teii) a sjsa asas 29«g B?«2f, ® ^7i 71521 tea sss^im hi 1 
sass BTBs^, © ^71 715^ 22^2^ Eae! s^iwi saa a i Eas# m 

1 JiOlM :?ifi BJHa-. ®^7l Jfl 1 7«0|E qis^ion ^ 1 OKJigaOld SSjgtjgSf^ B 

?^2^, ® ^71 7I51H21 Sej, =39 22! a TilOlM m M 1 ^a«i»i?fi s•?^2^, ® 

^7! HI 1-^s^i? si^^M s^sfse ETTiiaj, ®^7i a i oroiaaoid sej^ion a a 
owi^aoia seig &?i2j. ® ^71 a 1 »£s*!»i?, ^71 a 1 nom ^Si. &y\ a i 3 

Efe -^71 ifci E^ ^71 Eaa Se?9HHI a 2^2a*!?i?g BMSf. ® S71 a 2 

^a«s»i;i2j^i?i^ a 2 ESftfi 9?i2F. ® ^71 a 2 Ea©2j .^^ ^ a 2 sa# 
m tj««f= &312I-. ® ^71 a 2 sa« «^ a 3 Ease btib. swe ejssi on 
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